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Abstract. The article enlightens the issue of an intellectual method for optimal control of high-quality drying of
thermolabile products in a microwave installation.
Mathematical and computer models were compiled by multi-stage system thinking and analysis, and their adequacy was
established with a probability of 0.95. The optimal control mode allows you to maintain the temperature of the material in the
specified limit and produce a high-quality dried product. A system of microprocessor-based discrete automatic control of a
microwave dryer is proposed to enable the heater to be switched on at various specified ranges with a decreasing frequency of
material temperature changes, where the length of discrete heating oscillations at the end of the process is ten times less than the
initial one.
Keywords. Thermolabile, microwave, cost-effectiveness of the process, mass transfer, venture.

1. Introduction.
Drying is the heat and mass transfer process of removing liquid from solid, liquid substances or their
mixtures by evaporation. Most often, the liquid to be removed is moisture or volatile solvents. The direct
choice of the drying method and methods depends on the physical condition of the raw material, its chemical
composition, the required properties of the final product and the cost-effectiveness of the process [2,3,1115]. Microwave technologies are widely used in the production of many food products. The microwave
drying method is based on the effect of an intense ultrahigh frequency (microwave) electromagnetic field
on the dehydrated product [2,3,11]. A microwave drying technology allows you to increase the shelf life of
dried products without the use of preservatives up to a year or more. Products dried under the influence of
an intense microwave field do not require special storage conditions (refrigeration equipment, etc.), which
significantly reduces the cost of storage and transportation.
Another important advantage of this drying method is the possibility of a low process temperature
and a small amount of time to get a dehydrated product, allowing you to save the maximum amount of
vitamins and other useful substances. Products dried in microwave ovens last longer, because under intense
exposure to the microwave field, any microflora is completely destroyed-that is, simultaneously with drying,
the product is disinfected. The ecological purity of the microwave drying method is due to the fact that the
power source of microwave ovens uses the cleanest type of energy, the technological process of microwave
drying eliminates harmful emissions into the atmosphere.
However, a rapid increase in the temperature inside the material to be dried and due to the difficulty
of managing microwave energy during microwave drying can lead, in particular, to a decrease in the quality
of thermolabile materials. To avoid this, it is considered acceptable to transmit energy in a discrete mode
[15]. However, conventional discrete drying does not make it possible to obtain a high-quality thermolabile
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product, since after a certain time there is a significant increase in the temperature of the dried material,
even burning.
Development of an intellectual method for optimal control of the process of microwave drying of
thermolabile materials that allows the production of high-quality products.
Due to the complexity of measuring the temperature of the dried material, it is proposed to organize
an open system with an intellectual method for optimal control of the process of microwave drying of
thermolabile materials. The recommended intellectual method for optimal control of the process of
microwave drying of thermolabile materials is obtained thanks to computer models based on system
thinking [4-7]. It allows maintaining the temperature of the drying process in the specified ranges.
Multi-stage system thinking presents the drying automation apparatus as the primary main object
[7], where the study of the drying process determines its input and output parameters. The main selected
system is divided into separate quasi-devices. These are quasi-devices for material supply, air supply,
working area, and element for draining dried material. In turn, the quasi-apparatus the working zone is
divided into quasi-apparatuses, they are quasi-apparatuses the energy supply zone, the gas phase and the
phase of the dried material. Input and output parameters of quasi-devices of each hierarchical level are
defined.
2. Construction of a computer model of the process of microwave drying of thermolabile
materials.
To build a computer model (Fig. 1) of the process of microwave drying of thermolabile materials,
mathematical computer models of the processes of each quasi-apparatus were constructed, starting with the
processes of the lowest hierarchical level - the solid and gas phases of the microwave oven apparatus.
Mathematical and computer models are also compiled that take into account the equilibrium conditions and
mass transfer coefficients [5,6,10]. Next, mathematical equations and models of the higher-level process of
the quasi-apparatus are compiled.
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Fig. 1. Computer image of an intellectual method for optimal control of the process of microwave drying of thermolabile
products in a microwave oven.
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By combining the results of research, mathematical and computer models obtained for each subobject, a model of the processes of a higher quasi-apparatus is constructed. Each step was followed by a
step-by-step transition to larger processes. In this case, when constructing a mathematical model, the
difference between the temperature of the dried material and the equilibrium temperature coming from the
conditions of moisture content in the gas phase is taken as the determining driving force of the drying
process.
The second hierarchical level of the computer model (Fig. 2) of the process of microwave drying of
thermolabile products, in turn, consists of blocks of heating the material - changing its temperature, the
process of changing the equilibrium state in a two-phase system, and the mass transfer coefficient of
moisture of the dried material.
Based on a computer model of the process of microwave drying of thermolabile products, a program
for calculating the optimal intellectual control system was developed using the programs listed in [8,9]. The
system of optimal intellectual control of the microwave drying apparatus for thermolabile materials is shown
in Fig. 1.
Venturing into the smart way to optimize the process control of the microwave drying of
thermolabile products can be seen making blocks of a computer model of heating the material to change its
temperature, the change process, the equilibrium state in a two-phase system and the coefficient of mass
transfer of moisture of the dried material, including positional system intellectual control temperature of the
thermolabile materials (Fig. 2)
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Fig.2. computer representation of the first indentation in the computer model of the intellectual optimal control method,
which consists of separate blocks for heating the material, and a system for positional control of the temperature of
thermolabile materials.

3 Calculation of the drying process of thermolabile products on a microprocessor.
The microprocessor enters the initial data of the material drying process (gas consumption, its
relative humidity; flow rate, temperature and humidity of the incoming material; power of the supplied
energy). The microprocessor calculates all intermediate and output parameters of the material drying
process. In particular, such parameters as temperature, humidity of the dried material, discrete temperature
distribution over the drying time, partial pressure of water vapor, flow rate of outgoing water vapor in the
gas phase, flow rates of outgoing dried material and gas, etc.
The adequacy of the model was determined by experiments on a microwave oven and computer
calculations for drying melons. The microprocessor performed a computer calculation for drying melon in
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an experimental setup, taking the following values of the object's input parameters: G g=0,001 kg/c - gas
flow rate; М0 = 0,2; 1,5 kg/c – material mass; t=300С - initial temperature; х0= 0.84 – initial moisture
concentration о = 0.000006 kg* (0С sec)-1 – initial mass transfer coefficient for the concentration of
volatile in the component gas phase; P0=100 kPa - pressure in the microwave oven apparatus. The
microprocessor automatically calculates the following output parameters: y - concentration of the volatile
component; y* - equilibrium concentration of the volatile component; P p - partial pressure of water in the
gas phase; Gw - consumption of the volatile component of water vapor from the material; x - concentration
of water in the product; Gi - consumption of the finished product.
The power of the microwave energy of the device heater was 0.9 kW, the volume of the device was
0.2 m3, the material was mixed on a rotating plate. The material was cut into pieces, the type of
parallelepiped, the size of 5-10-50 mm, the device was supplied with air flow rate of 1.3 l/s. The experiment
was carried out at a mass fraction of air humidity of 2%. The mean square deviation showed consistency of
the results with a probability of 0.95.
To conduct experiments in a microwave oven, a Microprocessor was used to calculate the values of
the indicators of the dried melon. Microprocessor-determined time characteristic (Fig. 3) change the
temperature (middle green curve) and moisture content (red curve).
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Fig. 3. Time characteristics of changes in material
temperature (average green curve) and material humidity
(red curve) determined by the microprocessor.
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Fig. 4. View of the control signal for switching on (2) and
off (0) of the microwave heater.

As can be seen from figure 3, as the drying time of the thermolabile product continues, the frequency
of switching on and off the heater decreases, the concentration of dry substances increases, or the humidity
of the material decreases and at the end of the process is stabilized according to the hyperbolic law.
According to the time characteristic of the material temperature change, the microprocessor
generates a control signal for switching on and off the microwave heater, Fig. 4.
As can be seen from (Fig. 4), the microwave device is controlled discretely with a decreasing uneven
frequency of switching on and off the microwave heater (Fig.3). By the end of the process, the length of the
on-off oscillation increases significantly. This optimal mode allows you to maintain the temperature of the
material in a given limit and allows you to get a high-quality dried product, for example, when drying
melons, pumpkins and other thermolabile products.
Options for drying materials in different ranges of maintaining the temperature of the material are
considered: 50-90 oC, 50-80 oC, 50-70 oC and others. Increasing the range of temperature maintenance
leads to a decrease in the drying time, but the quality of the product may be degraded. Therefore, for more
heat-sensitive materials, you can consider the case of 50-70 OS or other options, depending on the
requirements of the quality indicators of the finished product.
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4. Conclusion
The possibility of developing an intellectual method for optimal control of the process of drying
thermolabile products in a microwave installation, through multi-stage system thinking and analysis, is
shown. Mathematical and computer models of the process are compiled, and their adequacy is shown by
experiments on a microwave oven. The problem of high-quality drying of thermolabile materials in a
microwave installation is solved. A system of discrete automatic control of a microwave dryer is proposed
to enable the heater to be switched on at various specified ranges with a decreasing frequency of material
temperature changes, where the length of discrete heating oscillations at the end of the process is ten times
less than the initial length.
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